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INTRODUCTION 

Hydrogen-Oxygen Auxil iary Propulsion Systems (APS) w i l l  be required fo r  

t h e  Space S h u t t l e  Vehicle Orbi ter  and Booster s tages .  APS subsystem 

d e f i n i t i o n  s t u d i e s  have ind ica ted  t h a t  turbopump-fed systems a r e  optimum. 

The purpose of t h i s  program is  t o  design, f a b r i c a t e ,  development test ,  

acceptance tes t ,  and de l ive r  two (2) each LH and LO2 turbopump assem- 

b l i e s .  Each assembly cons i s t s  of a pump, tu rb ine ,  power source,  and 

assoc ia ted  shutof f  valves.  The o v e r a l l  program schedule is  shown i n  

2 

Fig. 1, including t h e  d iv i s ion  of program e f f o r t s  and key milestones.  

This monthly r epor t  p resents  a summary of program s t a t u s  including iden- 

t i f i e d  problem areas ,  progress achieved during t h e  repor t  period, t h e  

work performed during t h e  repor t  period and the  work t o  be conducted 

during t h e  next repor t  period. 

PROGRAM STATUS 

The program e f f o r t  during t h e  f i r s t  repor t  period was devoted pr imari ly  

t o  Phase I. The e f f o r t  i n  Phase I General Screening Analysis has been 

75 percent completed f o r  both the  LH and LO TPA. This e f f o r t  has 

culminated i n  the  i d e n t i f i c a t i o n  of a l t e r n a t i v e  TPA concepts and t h e  

recommendation by Rocketdyne f o r  adopting a s p e c i f i c  configurat ion w i l l  

be made 18 August 1971. The r e s u l t s  of t h e  s tudy  w i l l  be presented t o  

NASA on 18 August 1971 followed by formal documentation t e n  days l a t e r .  

The milestone r equ i r ing  submit ta l  of t h e  Program Plan by 14 J u l y  1971 was 

completed on schedule. 

2 2 

During t h i s  r epor t  period, no problems o r  unforeseen technica l  d i f f i c u l t i e s  

were i d e n t i f i e d .  The program is on t h e  planned schedule and budget. 
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SUMWRY OF PROGRESS 

PHASE I 

- .. 

The key progress achieved during t h i s  repor t  period cons i s t s  of d e f i n i t i o n  

of t h e  program a s  presented i n  t h e  LH and LO Program Plan and t h e  com- 

p l e t ion  of t h e  preparatory e f f o r t  f o r  s e l e c t i o n  of base l ine  LH 
2 2 

and LO2 TPA 2 
conf igur a t  ions.  

SUMMARY OF WORK PERFORMED 

PHASE I 

Following cont rac t  go-ahead, t h e  General Screening Analysis f o r  s e l e c t i o n  

of a base l ine  configurat ion was i n i t i a t e d .  

A program kick-off meeting was conducted a t  t h e  MSFC on 7 J u l y  1971. 

Rocketdyne presented appl icable  analyses  conducted under previous con t r ac t s  

and company funding u t i l i z e d  i n  narrowing t h e  s e l e c t i o n  of a l t e r n a t i v e  

configurat ions.  In addi t ion  t o  a general  refinement of study requirements, 

t h e  s i g n i f i c a n t  d r ive r s  i n  the  s e l e c t i o n  of TPA components were i d e n t i f i e d  

a s  (a) a b i l i t y  of  t h e  system t o  meet t r a n s i e n t  operat ing requirements, 

(b) minimization of pump thermal condi t ioning and (c) minimization of 

nonpropulsive lo s ses .  

The Program Plan was prepared i n  conformance with t h e  format s t i p u l a t e d  

i n  t h e  NASA Scope of Work. The Plan presents  a d e t a i l e d  breakdown of t h e  

six ( 6 )  phases of t h e  program i n  t e r m s  of schedule a s  w e l l  a s  l o g i c  flow. 

The plan was submitted on 14 J u l y  1971 a s  spec i f i ed .  
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A s  pa r t  of t h e  program coordinat ion e f f o r t ,  Rocketdyne w a s  represented 

a t  the Breadboard Propel lan t  Acquis i t ion meeting conducted a t  MSFC on 

3 August 1971 t o  i d e n t i f y  poss ib le  i n t e r a c t i o n  w i t h  t h e  turbopump assem- 

b l ies ,  The s p e c i f i c  a reas  of bypass flow, system pressure o s c i l l a t i o n s  

and pump thermal condi t ioning requirements were i d e n t i f i e d  a s  requi r ing  

d e f i n i t i o n  by the cont rac tors  t o  a s su re  s a t i s f a c t o r y  in t eg ra t ion  of t he  

system. 

Because of  the primary r o l e  of the turbopump port ion of the TPA, major 

emphasis was placed on i ts  s e l e c t i o n  during the Phase I General Screening 

Analysis.  The s e l e c t i o n  of t h e  s h a f t  speed was predicated on meeting the  

spec i f i ed  NPSP requirements of 0, 1, 2, 3 ps ia  on the  LH pump and 

2, 4, 6 ps ia  on the  LO pump. The speed s e l e c t i o n  coupled w i t h  t h e  pump 

discharge requirements and the  maximization of e f f i c i ency  es tab l i shed  

t h e  a l t e r n a t i v e  number of stages. With a f ixed  pump speed, t h e  tu rb ine  

a l t e r n a t i v e s  were se l ec t ed  based on ef f ic iency ,  thermal f a t igue  l i f e  and 

horsepower requirements, The r e s u l t i n g  turbopump configurat ions were 

then traded o f f  based on NPSP, t r a n s i e n t  operat ion,  bearing l i f e ,  and 

thermal condi t ioning requirements. The f i n a l  s e l e c t i o n  w i l l  include 

considerat ion of cos t ,  f ab r i ca t ion ,  and development program fac to r s .  

2 

2 

With s u i t a b l e  techniques for minimizing thermal soakback i d e n t i f i e d  

during the  proposal e f for t ,  s t u d i e s  of the r e f r i g e r a t i o n ,  r ec i r cu la t ion ,  

and combined pump chilldown coolant flow requirements were es tab l i shed .  

I n  addi t ion ,  the  thermal condi t ioning requirements f o r  d r y  pump versus 

w e t  pump s t a r t  condi t ions were evaluated. 

A s  pa r t  of the turbopump design ana lys i s ,  bearing, l i f t o f f  s e a l  and 

dynamic s e a l  concepts were assessed and preferred configurat ions were 

established. I n  addi t ion,  methods of contamination prevention i n  a reas  

of the bearings were a l s o  determined. 
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The gas generator  technology appl icable  t o  t h i s  program both ava i l ab le  

from previous e f f o r t  and c u r r e n t l y  under s tudy was assessed and a l t e r -  

n a t i v e  configurat ions se l ec t ed  based on u t i l i z i n g  demonstrated concepts 

t o  a s su re  r e l i a b l e  operat ion.  

The valves t o  be u t i l i z e d  i n  t h e  LH and LO TPA sys t ems  were se l ec t ed  

based on system requirements, and a v a i l a b i l i t y .  
2 2 

The systems ana lys i s  e f f o r t  was p r i m a r i l y  d i r ec t ed  towards dynamic 

ana lys i s  of t h e  system t o  e s t a b l i s h  s t a r t  t i m e ,  NPSP, and system head flow 

c h a r a c t e r i s t i c s .  The spec i f i ed  system requirements i n  terms of use  of a 

baakpressure r egu la to r  f o r  con t ro l l i ng  pump discharge flow, heat input 

i n t o  t h e  propel lan t ,  and i n l e t  l i n e  dynamics r e su l t ed  i n  dismissing t h e  

dead head s t a r t  a s  an a l t e r n a t i v e  and es tab l i shed  the  need f o r  some bypass 

flow during t h e  s t a r t  t r a n s i e n t .  The system s t a r t  tiqes t o  nominal flow 

and discharge pressure  did not s i g n i f i c a n t l y  vary f o r  t h e  a l t e r n a t i v e  

configurat ions 

A s  par t  of t h e  sys tem ana lys is  e f f o r t  a Fa i lu re  Mode Ef fec t s  C r i t i c a l i t y  

Analysis was conducted and s a f e t y  requirements t o  preclude t h e  i d e n t i f i e d  

f a i l u r e  modes were i d e n t i f i e d .  A s  pa r t  of t h i s  e f f o r t  special. a t t e n t i o n  

was d i r e c t e d  t o  overspeed de tec t ion  response and cu tof f .  Analysis 

i nd ica t ed  t h a t  up t o  .25 seconds i s  ava i l ab le  f o r  de tec t ion  and cu tof f  

response. This  t i m e  is considered more than adquate f o r  magnetic pickup 

speed de tec t ion  and valve closure.  Passive devices  were evaluated and 

though no s p e c i f i c a l l y  appl icable  device is ava i lab le ,  devices of t h i s  

type were i d e n t i f i e d  a s  technology areas  t h a t  could be bene f i c i a l .  

A preliminary packaging arrangement was prepared t o  l o c a t e  components i n  

t h e i r  r e spec t ive  pos i t ions  t o  a i d  i n  t h e  determination of s t r u c t u r a l  

requirements a s  pa r t  of  the Phase I1 Deta i l  Design e f f o r t .  The layout is  

presented i n  Fig. 2. 
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FUTURE WORK 

During t h e  next repor t  period, t he  conclusions of t h e  Phase I General 

Screening Analysis w i l l  be presented t o  NASA and a configurat ion 

selected. The Phase I1 Deta i l  Design of t h e  se l ec t ed  configurat ion 

w i l l  be i n i t i a t e d  wi th  p a r t i c u l a r  a t t e n t i o n  t o  i d e n t i f i c a t i o n  of long 

l ead  items. 


